Abstract-Spacecraft docking technology play an important role in the aerospace technology. Due to the spacecraft with variable attitude, so the docking process is complex and variable. Therefore, a comprehensive and systematic study of the spacecraft docking process is very necessary. This paper proposed the equivalent-mass principle and the test platform of spacecraft docking is established based on the equivalent-mass principle through the analysis of environmental characteristics of thermal vacuum. Furthermore, dynamic simulation on the test platform and the results data of simulation is obtained. These studies will facilitate the understanding of the spacecraft docking process and provide solid theoretical foundation for further study.
INTRODUCTION
With the development of space technology, the spacecraft docking technology has become a key technique in construction of a space station. A lot of high-risk and accident exist in spacecraft docking process, simulation and experiment of docking mechanism is crucial. That also in order to ensure high success rate and reliability in spacecraft docking process [1] [2] [3] [4] [5] [6] . Especially, when the space mechanism is used under thermal vacuum environment, it can lead the function failure of satellite or spacecraft. Such as that case was reported many times by news media [7] [8] . The thermal vacuum of space has some peculiar characteristics that are high vacuum, high temperature and alternatively change of temperature. Thus, the emulated device comprise of thermal vacuum device, heat sink, vacuum air extractor and cooler [9] [10] [11] . Due to the limited volume of the thermal vacuum chamber, it brings more challenges for the design of thermal vacuum test platform of docking units.
The simulation of spacecraft docking process can be divided into three types -physical simulation, semiphysical simulation and digital simulation [12] [13] [14] [15] [16] . However, a physical prototype of the docking mechanism will cost too much. Furthermore the physical prototype will be damaged which is irreversible, if we use physical prototype to simulate the docking process under the condition of immature theory. Thus virtual prototype is widely used to simulate the process of spacecrafts docking, and greatly reduces the cost and danger of simulation process.
Virtual prototype is a novel system, new design method and fresh way, which can be reproduced the process of simulation system at some level. Thus, virtual prototype has very high similarity and authenticity when it was used to simulate the physical prototype [17] [18] . By summarizing the current technology of virtual prototype and the conditions of the laboratory, we establish the equivalent-mass principle and built a test platform for spacecrafts docking based on the equivalent-mass principle. Furthermore, we use this model to simulate the process of docking of two spacecrafts through ADAMS software.
II. EQUIVALENT-MASS PRINCIPLE OF SPACECRAFTS DOCKING

A. Physical description of the process of spacecratfs docking
To perform the docking test of docking process of two spacecrafts (shown in Fig .1 ) with the docking velocities and the center connection of mass have the same orientation. Let us assume that the mass of two spacecrafts are m 1 and m 2 respectively. The velocities of pre-docking are denoted as v 1 and v 2 . 
Where, v is the post-docking velocity of spacecraft system. The pre-docking and post-docking kinetic energy of two spacecrafts are shown as follows:
Substituting (2) to (4), we can get the equation as follows:
Therefore the kinetic energy dissipated in docking process can be derived as in (6) .
B. Equivalent-mass principle of docking process
If the test platform has the same size as volume of two spacecrafts, there is no way to put the large volume test platform into the thermal vacuum chamber. The reasons are the volume of system of spacecrafts is lager and the bulk of thermal vacuum chamber is limited. Therefore，the volume of docking system can be greatly reduced when the test platform is designed based on the equivalent-mass principle. The equivalent model of space docking system, which based on the equivalent-mass principle, is shown as Fig .2 . We set , and then equation (6) can be simplified as in
Where, m d and v d are presented the mass and the velocity of the equivalent model respectively. A is the kinetic energy of the equivalent model.
III. DYNAMIC SIMULATION BY SOFTWARE ADAMS
A. Dynamic modeling of docking process of test platform
In this part, we used two methods to simulation of two spacecrafts docking. One of methods that the dynamic modeling with tow moving components, The other method is built a dynamic modeling with only one moving component.
1) The spaceship collision model
The spaceship is built based on the authentic docking process of two spacecrafts, each spacecraft has velocity. The schematic diagram is shown as Fig .1 . As is shown in the Fig .3 , which is the spaceship collision model with ADAMS. 
B. Define connection of docking ring and buffering power of model
The dynamic modeling of the docking ring of test platform is shown as Fig .7 . Define the same spring and damping drive for nut of each screw, the parameters of spring and damping drive are shown as TABLE I. The origin of docking ring is located on the position of screw, which on the standard height.
Software ADAMS provides some graphic skits, which are Para solid and RAPID, for complex model. In this paper, we use EZAPID to detect the collision of spacecrafts docking, and select three hundred polygons to approximate the docking ring. Parameters of contact detection of docking ring are shown as Fig .8 . The comparisons of docking force is obtained from the simulation with ADAMS, they are shown as Fig .9 and Fig .10 . 
IV. CONCLUSION
In this paper, we presented the equivalent-mass principle, which can be performed the docking process of two spacecrafts, with only one moving component. This method can greatly reduce the size of the test platform. Then we built the virtual prototype of test platform based on equivalent-mass principle and used this model to simulate the process of docking under different initial conditions with ADAMS. Furthermore, we obtained simulation results of docking forces. These studies will facilitate the understanding of the space docking process and provide solid theoretical foundation for further research.
